Cocaine use has been known to cause a number of adverse neurological conditions, such as cerebral ischemia and posterior reversible leukoencephalopathy. The radiologic appearance of cocaine-induced leukoencephalopathy is confounded by a common contaminant, levamisole, which is also known to cause multifocal leukoencephalopathy. However, we encountered a case of diffuse leukoencephalopathy in a patient with cocaine use that had extensive involvement of the cerebral white matter, globus pallidi as well as the cerebellum. Our case also presented with a severe clinical presentation, with the patient demonstrating minimal neurologic response after a prolonged period of critical care management. The severe clinical course and diffuse radiologic involvement of our case differs from previously reported cases of cocaine-or levamisoleinduced leukoencephalopathy.
Introduction
Leukoencephalopathy is a process whereby the cerebral white matter suffers damage as a result of exposure to a variety of agents. The white matter in portions of the brain involved in higher cognitive functions, relative to the white matter of other areas, often suffers the worst damage because of increased metabolic demands. 1, 2 We present a case of diffuse whole-brain leukoencephalopathy associated with cocaine abuse that did not improve despite intensive prolonged treatment.
Case report
A 30-year-old Hispanic male was found unresponsive and foaming at the mouth by paramedics at a busy street corner. His last known contact with family was two days prior to discovery. Immediate administration of 3 mg of naloxone was ineffective, and he was subsequently intubated for respiratory failure. The patient's complete vital signs on arrival to the emergency room were heart rate: 104 beats per minute, blood pressure: 127/98 mmHg, respiratory rate: 12 per minute, O 2 sat: 77%, and temperature: 97.2 F/36.2 C. Physical examination showed 3 mm pupils with a sluggish reaction to light. The doll's eye, corneal, and gag reflexes were present. A head computed tomography (CT) demonstrated accentuation of the gray-white matter junction and evidence of cerebral edema (Figure 1 ). Urine toxicology analysis was positive only for cocaine metabolites.
Lumbar puncture and cerebrospinal fluid analysis were unremarkable. Chemistry profile was within normal limits with the exception of mildly elevated white blood cell count at 19.1 k/ul.
A subsequent magnetic resonance imaging (MRI) scan of the brain was performed on day 2 of admission for further evaluation of abnormal CT and continued obtunded mental status. The MRI demonstrated diffuse signal abnormalities involving the white matter of the frontal, parietal, and occipital lobes, the globus pallidi, and the cerebellum (Figures 2 and 3) , with sparing of the gray matter, consistent with leukoencephalopathy. At this time, the patient was treated with dexamethasone and memantine, a N-methyl-D-aspartate receptor antagonist thought to be beneficial in the setting of drug-induced encephalopathy. An electroencephalogram showed generalized slowing of background rhythm, also consistent with diffuse cerebral dysfunction. A repeat MRI one week later, on day 8 of admission, demonstrated slight improvement of the disease ( Figure 4) .
A complete history from the family yielded a long past of cocaine abuse, though the patient reportedly quit using the drug approximately two years prior to this hospitalization. The patient's family did not endorse any other illicit substance use. Clinically, he remained unresponsive to any stimuli, with the exception of occasional posturing. While pupillary reflexes were present, he otherwise did not exhibit any response to visual stimuli. The patient was placed on life support as per the wishes of the family. Unfortunately, he did not show signs of neurological improvement after nine weeks in intensive care, and was subsequently transferred to an extended neurological care facility.
Discussion
Cocaine is known to cause a number of adverse neurological conditions, including vasospasm with associated cerebral ischemia and posterior reversible leukoencephalopathy. 3, 4 Notably, the majority of cocaine-induced leukoencephalopathies appear to be primarily associated with levamisole, an anthelmintic medication estimated to contaminate 69% of cocaine seized by the United States Drug Enforcement Agency. 5 Levamisole-induced leukoencephalopathy (LILE) is well established in patients receiving levamisole treatment, in which a single dose can cause multifocal inflammatory leukoencephalopathy. MRIs of LILE patients characteristically demonstrate multifocal plaques and round or oval regions of demyelination in white matter, with a hypointense signal on T1-weighted imaging and hyperintense signal on T2-weighted imaging. These areas of signal abnormalities also demonstrated restricted diffusion. 5, 6 Some areas with signal abnormalities may also appear as rim-like or with a periventricular enhancement pattern, similarly to other demyelinating disorders such as multiple sclerosis. 7, 8 It is important to note that the association between leukoencephalopathy and cocaine use versus that due to levamisole is difficult to establish since levamisole is not a routinely tested substance. Secondary associations of LILE in patients who use cocaine are established by the commonality of imaging appearances as well as the known high frequency of adulterated cocaine. 7, 9 None of the current literature on either LILE or cocaine-induced leukoencephalopathy, however, explains the findings exhibited in our case. Both LILE and cocaine-induced leukoencephalopathy present with multifocal areas of signal abnormalities, and are typically associated with good prognoses. Our case, on the other hand, presented with diffuse findings on imaging and a severe clinical course, without evidence of recovery despite all treatment efforts. Similarly, no prior reports on these leukoencephalopathies were found to involve either the cerebellum or globus pallidi such as seen in our patient.
In conclusion, we encountered a case with diffuse leukoencephalopathy involving the white matter of the frontal, parietal, and occipital lobes, the globus pallidi, and the cerebellum, with sparing of the gray matter. We do acknowledge limitations of this case, as this may be due to an unknown substance adulterated within the cocaine. However, we believe this is an unusual clinical presentation of cocaine use with challenging imaging features that may assist other clinicians in making a diagnosis in the future.
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